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Killer  virus  of  Saccharomvces  cerevisiae  is  a  cytoplasmically- inherited 
virus  that  confers  on  persistently- infected  yeast  cells  the  ability  to  secrete 
a  protein  toxin  which  kills  uninfected  yeast  cells  but  to  which  infected  cells, 
denoted  killers,  are  resistant  (reviewed  by  Tipper  and  Bostian,  1984;  Wickner. 
1986).  Killer  toxin  production  can  be  assayed  by  halos  of  killing  of  a  lawn  of 
uninfected  cells  around  killer  colonies  on  a  petri  dish.  The  genome  of  the  virus 
consists  of  two  segments  of  double -stranded  (ds)  RNA  that  are  separately 
encapsidated  in  cytoplasmic  virions  localized  in  the  cytoplasm  of  infected  cells. 
The  L-A  dsRNA  segment  is  4.9  kbp  in  lensth  and  encodes  the  major  capsid  protein 
(81  kd)  of  the  virions  and  possibly  a  larger  capsid-RNA  polymerase  fusion  product 
by  a  -1  frame  shift  occurring  at  the  translational  level,  analogous  to  that 
producing  retrovirus  gag-pol  fusion  protein  (Icho  and  Wickner,  1988;  Diamond  ££ 
al.  1989).  The  M  dsRNA  segment  (1.8  kbp)  is  dependent  on  L-A  dsRNA  for  its 
replication  and  is  responsible  for  the  killer  and  resistance  phenotypes  of  cells 
infected  with  both  dsRNA  segments.  The  positive  strand  of  the  M  dsRNA  molecule 
encodes  the  32  kd  preprotoxin  precursor  of  toxin  and  resistance  substance  on  its 
5'  proximal  1000  bases,  followed  by  a  200  base  internal  polyA  tract  and  630 
bases  without  any  extensive  open  reading  frames  (Hannig  et  al .  1984;  Skipper  £t 
al .  1984;  Georgopoulos  et  al.  1986). 

Gene  expression  by  killer  virus  can  be  studied  in  vitro.  Virions  isolated 
from  infected  cells  contain  RNA  polymerase  activity  which  produces  full-length 
positive  polarity  copies  of  the  M  and  L-A  dsRNA  segments,  denoted  m  and  1, 
respectively  (Hannig  et  al .  1984;  Thiele  et  al .  1984).  These  transcripts,  in 
turn,  encode  the  viral  polypeptide  gene  products  when  added  to  a  cell -free 
translational  extract  of  yeast  (Hussain  et  al.  1986;  Leibowitz  et  al.  1990). 
The  m  transcript,  unlike  1  and  many  other  mRNAs,  has  a  64  nucleotide  hairpin 
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loop  at  its  5'  terminus  with  the  initiating  AUG  of  the  preprotoxin  open  reading 
frame  (nucleotides  14-16)  in  the  5'  portion  of  the  stem  and  loop  structure,  with 
nearby  sites  of  potential  complementarity  to  the  3*  terminal  regions  of  18S  and 
5.8S  rRNAs  (Leibowitz  et  al .  1983;  Hannig  et  al .  1984).  These  structural 
features  may  indicate  that  translational  initiation  on  m  transcript  may  occur 
by  a  mechanism  distinct  from  that  of  other  mRNAs  lacking  these  features.  The 
existence  of  different  classes  of  mRNA  molecules  having  subtle  differences  in 
their  translation  initiation  mechanisms  provides  a  potential  site  at  which 
translational  regulation,  which  appears  to  be  important  in  eukaryotic  cells, 
might  take  place.  Since  killer  virus  preprotoxin  is  readily  expressed  from  cDNA 
clones  (Skipper  et  al .  1984) ,  site-directed  mutagenesis  of  such  clones  should 
determine  how  the  structural  features  at  the  5'  terminus  of  m  transcript  affect 
its  translatability.  This  information  will  be  used  to  design  a  vector  optimizing 
translational  gene  expression  in  yeast.  If  the  problem  of  regeneration  of  viral 
RNA  from  cDNA  can  be  solved,  further  amplification  should  be  possible  since 
infected  cells  can  harbor  1000  or  more  copies  of  viral  dsRNA  molecules  per  cell 
(Wickner,  1986),  far  surpassing  copy  numbers  of  any  DNA  vectors  of  yeast. 

Vector  Construction 

In  order  to  better  quantitate  the  effect  of  mRNA  5'  structure  on 
translation  we  designed  a  vector  with  fewer  RNA  start  sites  than  present  in  most 
nuclear  genes  of  yeast,  which  should  express  the  5'  terminus  of  m-derived  cDNA 
relatively  faithfully.  Also,  we  created  a  fusion  of  the  5'  portion  of  m- 
derived  cDNA  with  the  lacZ  open  reading  frame,  so  that  polypeptide  expression 
in  vivo  could  be  readily  quantitated  by  assaying  0-galactosidase  activity  rather 
than  the  relatively  non-quantitative  measurement  of  toxin.  This  fusion  has  been 
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cloned  adjacent  to  the  CUP1  (metallothionein)  promoter  of  yeast,  which  is  copper* 
inducible  and  initiates  only  at  two  closely  spaced  sites,  with  both  transcripts 
beginning  with  the  sequence  GAA. . .  (Karin  et  al.  1984).  The  construct  has  been 
made  in  a  veast-E.  coli  shuttle  vector,  with  the  m'/'lacZ  fusion  linked  to  the 
promoter  of  CUP1  so  that  the  m'  5' -terminal  sequence  GAA...  replaces  the 
homologous  sequence  at  the  downstream  start  site  of  the  promoter. 

In  order  to  test  the  effect  of  5'  terminal  mRNA  sequences  on  translation 
in  vitro,  a  parallel  construction  has  been  made  with  M-derived  cDNA  ligated  into 
the  Smal  site  of  plasmid  pPMl  (Ahlquist  and  Janda,  1984).  Such  constructs  can 
be  transcribed  in  vitro  by  E.  coli  RNA  polymerase  to  yield  transcripts  with 
authentic  5'  termini  and  3'  termini  several  bases  longer  than  the  3'  end  of  the 
inserted  cDNA.  We  are  now  testing  polymerase  chain  reaction  amplified  fragments 
of  our  construct  as  templates  for  E.  coli  RNA  polymerase  in  order  to  produce  RNA 
products  with  both  5'  and  3'  termini  colinear  with  the  cDNA  insert.  These 
transcripts  and  similar  transcripts  of  mutagenized  plasmids  will  be  tested  as 
translational  templates  in  a  yeast  cell -free  translation  system  (Hussain  and 
Leibowitz,  1986;  Leibowitz  et  al .  1990).  Thus  we  plan  to  test  the  effect  of 
RNA  structure  on  translational  expression  in  yeast  in  vivo  and  in  vitro. 

Utilization  of  Exogenous  Caps  in  Viral  Transcript  Lon 

The  translational  efficiency  of  mRNA  in  eukaryotic  cells  depends  not  only 
on  its  5*  terminal  sequence  but  also  on  the  presence  of  5'  terminal  cap 
structures.  The  cytoplasmic  location  of  killer  virions  in  infected  yeast  cells 
(Dihanich  et  al.  1989)  indicates  that  they  face  a  problem  which  must  be  solved 
by  many  cytoplasmic  viruses:  how  to  translate  viral  messages  in  a  cytoplasm  which 


-69- 


prefers  Co  cranslace  messages  containing  S' -terminal  caps  but  which  lacks  host 
capping  enzymes  that  are  located  in  the  nucleus  (Itoh  et  al ,  1987).  The 
structure  at  the  5’  terminus  of  viral  transcripts  in  vivo  is  unknown;  there  is 
no  evidence  that  genomic  dsRNA  or  transcripts  produced  in  vitro  by  the  virion- 
associated  RNA  polymerase  contain  5' -terminal  cap  structures  (Bruenn  and  Keitz, 
1976;  Hannig  et  al .  1984;  Thiele  et  al.  1984).  However,  yeast  host  cell  mRNAs 
have  5' terminal  type  "0"  caps,  with  the  structure  7mGpppXp —  (Spripati  et  al. 
1976) . 


We  have  found  that  m  and  1  transcripts  produced  ty  the  killer  virion- 
associated  RNA  polymerase  in  the  presence  of  7mGpppG  (500  jiM)  are  at  least  10 
times  as  active  as  translational  templates  in  the  yeast  cell-free  protein 
synthesis  system  as  are  transcripts  made  in  the  absence  of  exogenous  caps. 
Bacterial  and  bacteriophage  ONA-dependent  RNA  polymerases  are  known  to  utilize 
7mGpppG  as  a  primer  for  RNA  synthesis,  thus  producing  capped  transcripts  without 
post- transcriptional  guanylylation.  However,  we  found  that  m  and  1  transcripts 
produced  by  the  viral  RNA  polymerase  reaction  in  the  presence  of  7mGpppG  were  not 
immune  precipitable  by  antibody  to  7mG  (Munns  et  al.  1982) ,  unlike  transcripts 
of  various  recombinant  plasmids  transcribed  in  the  presence  of  7mGpppG  by  the  RNA 
polymerases  of  bacteriophage  T7,  bacteriophage  SP6  or  of  E.  coli. 

The  failure  of  viral  m  transcripts  produced  in  the  presence  of  7mGpppG  to 
bind  to  antibody  to  7mG  may  not  be  due  to  5’  terminal  secondary  structure  of  m, 
since  viral  1  transcripts  produced  in  the  presence  of  7mGpppG  showed  similar 
enhancement  of  their  translational  template  activity  and  lack  of  antibody 
binding.  Also,  a  20-mer  oligodeoxyribonucleotide  hybridizing  to  the  5*  terminus 
of  a  capped  transcript  of  influenza  virus  cDNA  produced  in  the  presence  of 
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7mGpppG  by  bacteriophage  T7  RNA  polymerase  failed  to  block  its  immune 
precipitability  by  anti-7mG. 

Plasmid  pLSl  is  a  derivative  of  pPKl  into  which  cDNA  derived  from  M  dsRNA 
(with  the  polyA  polyU  tract  replaced  by  a  short  DNA  segment  containing  an  EcoRI 
site)  is  inserted  at  the  Smal  site.  When  this  plasmid  is  cut  by  EcoRI  and 
transcribed  by  E.  coli  RNA  polymerase,  the  expected  1100  base  transcript  is 
produced  which  should  have  the  same  5'  terminal  sequence  as  m  transcript  produced 
by  killer  virus  RNA  polymerase.  The  authenticity  of  this  transcript  is  indicated 
by  its  ability  to  direct  synthesis  of  a  product  with  identical  molecular  weight 
to  preprotoxin  (32  kd)  in  a  yeast  cell -free  translation  extract.  When  E.  coll 
RNA  polymerase  is  used  to  transcribe  EcoRI -cut  pLSl  in  the  presence  of  added 
7mGpppG ,  the  resultant  transcript  is  the  same  size  as  transcript  made  without 
cap,  shows  increased  translational  template  activity  in  the  yeast  system,  and 
is  precipitable  by  antibody  against  7mG.  Therefore,  the  failure  of  viral  m 
transcript  produced  in  the  presence  of  7mGpppG  to  immune  precipitate  is  not  due 
to  the  subterminal  sequence  of  the  RNA,  and  seems  to  relate  to  its  origin  in  the 
viral  transcription  process.  Purified  killer  virions  lack  detectable  RNA  capping 
activities.  The  virions  also  have  no  activities  altering  the  antigenicity  of 
capped  RNAs,  since  purified  transcripts  of  pLSl  by  E.  coli  RNA  polymerase  or  of 
influenza  NS  gene  cDNA  by  bacteriophage  SP6  RNA  polymerase  remain  intact  and 
immune  precipitable  following  incubation  in  a  virion  transcription  reaction. 

Therefore,  it  appears  that  killer  virion-associated  DNA- independent  RNA 
polymerase  utilizes  7mGpppG  as  a  primer  for  transcription  in  a  different  manner 
than  this  primer  is  utilized  by  various  DNA-dependent  RNA  polymerases.  Although 
the  structure  of  the  resultant  product  is  unknown,  one  possibility  is  that  viral 


RNA  polymerase  may  incorporaCe  added  caps  into  Che  scrucCure  5 '  -Gppp7mGp — , 
which  may  be  antigenically  distinct  from  the  type  "0”  cap  produced  in  7mGpppG- 
primed  transcription  by  the  other  polymerases  with  the  transcript  structure  5'- 
7mGpppGp — .  The  possible  in  vivo  function  of  the  unusual  utilization  of 
exogenous  caps  by  killer  virus  remains  unknown.  However,  such  a  mechanism  might 
be  part  of  the  strategy  by  which  the  virus  expresses  its  genetic  information  in 
a  cap-dependent  host  cell  cytoplasm. 
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